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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
proton energy range from 1 to 150 MeV. The evaluation utilizes
MF=6, MT=5 to represent all reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all
residual nuclides produced (A>5) in the reaction chains. To
summarize, the ENDF sections with non-zero data above are:

MF=3 MT= 2 Integral of nuclear plus interference components
- of the elastic scattering cross section

MT= 5 Sum of binary (p,n') and (p,x) reactions

MF=6 MT= 2 Elastic (p,p) angulér distributions given as
ratios of the differential nuclear-plus-
interference to the integrated value.

MT= 5 Production cross sections and energy-angle
distributions for emission neutrons, protons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
'Ni58 and p + Ni58 reactions (Ch97). We use the GNASH code gsystem
(Yo92), which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic proton angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions. The energy-anjle-correlations
for all outgoing particles are based on Kalbach systematics
(Ka8sg) .

A model was developed to calculate the energy distributions of
all recoil nuclei in the GNASH calculations (Ch96). The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF=6 are given in the center-of-mass system.
This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting. ‘

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85), validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93]. Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Gilbert and Cameron [Gi65] and pairing
and shell parameters from the Cook (Co67) analysis. Neutron and
charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray



transmission coefficients were calculated using the Kopecky-Uhl
model (Ko90). '

DETAILS OF THE p + 62Ni ANALYSIS

The neutron optical model potential was adjusted to reproduce the
measured total cross section data (Ci68, Pe73, Sc73, La83, Dio7,
Fa66, Dué67) and s-wave strength function (Mu8l). The data for
natural Ni and Ni-58 were also used because there was not. enough
data for Ni-62 above MeV region. The total cross section data for
natural Ni and Ni-58 were transformed to the Ni-62 cross section
according to A*(2/3) law.

The parameter estimation was carried out based on Margquart-
Bayesian approach (Sm91), where ECIS95 Ra96) code was used for the
optical model calculation. We have employed the energy dependence

of the optical potential similar to Delaroche's work (De89). The
initial potential parameters were adopted from Koning and
Delaroche (Ko97). Total of 7 parameters concerning the central

potential depth were estimated with associated covariance matrix,
while the geometircal parameters were fixed to the result of a
similar search for n + Ni-58. Presently obtained potential was
used for the calculation of neutron transmission coefficients in
the energy region above 20 MeV. Below 20 MeV, the Harper neutron
potential (Ha82) was used for the calculation of transmission
coefficients.

The proton optical potential was also searched for to obtain a
good description of proton-total reaction cross section as
predicted by Wellisch-Axen systematic (We96) above 50 MeV. The
parameter estimation was carried out by the Marquart-Bayesian
approach similar to the neutron OMP, but trying to seek the best
parameter to reproduce the reaction cross sections compiled by
Carlson (Ca%96) and Wellisch values. The experimental data in
Carlson (Ca96) was scaled for Ni-62 according to A**(2/3) law. In
this search, the geometrical parameters were fixed to be same as
the neutron potential. The present potential gives a good
description of the proton total reaction cross section from 10 MeV
Lo 250 MeV. However, after some trial and error to reproduce both
the elastic scattering and reaction cross section data for Ni-58,
we have employed the following combination of proton potentials:

0 to 5 MeV : Harper potential (Ha82)
6 to 47 MeV : Koning and Delaroche (Ko97)
48 to 260 MeV : Present OMP

For deuterons, the Lohr-Haeberli [Lo74] global potential was used;
for alpha particles the McFadden-Satchler [Mc66] potential was
used; and for tritons the Beccheti-Greenlees [Be71] potential was
used. The He-3 channel was ignored.

he direct collective inelastic scattering to the following levels
Ni-62 was considered by the DWBA-mode calculation of ECIS9s
96) :

Jpi Ex(MeV) Deformation length
2+ 1.173 1.008
3- 3.757 0.83

The data deformation length for the 2+ state was retrieved from



the literature (Ra87). For the 3- level, it was estimated to be
an average of the quantity for Ni-58 and Ni-60.
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28062
1001

Nonelastic,

Energy

TARGET

nonelas

1000Z+A
PROJECTILE 1000Z+A
elastic,
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(if A=0 then elemental)

and Production cross sections for A<5 ejectiles in barns:

elastic

neutron

proton

deuteron triton

helium3

alpha

gamma

2.000E+00
3.000E+00
4.000E+00
4.808E+00
5.000E+00
6.000E+00
7.000E+00
8.000E+00
9.000E+00
1.000E+01
1.100E+01
1.200E+01
1.300E+01
1.400E+01
1.500E+01
1.600E+01
1.700E+01
1.800E+01
1.900E+01
2.000E+01
2.200E+01
2.400E+01
2.600E+01
2.800E+01
3.000E+01
3.500B+01
4.000E+01
4.500E+01
5.000E+01
5.500E+01
6.000E+01
6.500E+01
7.0008+01
7.500E+01
8.000E+01
8.500E+01
9.000E+01
9.500E+01
1.000E+02
1.100E+02
1.200E+02
1.300E+02
1.400E+02
1.500E+02

28062
1001
Aver.
Energy

TARGET
PROJECTILE 1000Z+A
lab emission energies for A<S ejectiles in Mev:

4.579E-04
2.922E-03
3.402E-02
2.155E~01
2.599E-01
4.690E-01
5.055E-01
5.371E-01
6.147E-01
7.147E-01
7.987E~01
8.613E-01
9.128E-01
9.584E-01
9.975E-01
1.028E+00
1.052E+00
1.070E+00
1.084E+00
1.096E+00
1.1158+00
1.1298+00
1.136E+00
1.136E+00
1.130E+00
1.105E+00
1.074E+00
1.045E+00
9.787E-01
9.371E-01
9.056E-01
8.806E-01
8.615E~-01
8.472E-01
8.362E-01
8.276E-01
8.205E-01
8.144E-01
8.088E~01
7.987E-01
7.891E-01
7.797E-01
7.706E-01
7.617E-01

10

neutron

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E8+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

00Z+A

proton

0.000E+00
0.000E+00
0.000E+00
1.180E-01
1.423E-01
3.593E-01
3.2968-01
2.958E-01
3,524E-01
4.289E-01
4.737E-01
5.033E-01
5.230E-01
5.417E-01
6.075E-01
6.977E~01
8.010E-01
8.886E-01
9.564E-01
9.999E-01
1.067E+00
1.144E+00
1.224E+00
1.295E+00
1.359E+00
1.511E+00
1.578E+00
1.658E+00
1.688E+00
1.727E+00
1.764E+00
1.813E+00
1.844E+00
1.921E+00
1.985E+00
2.043E+00
2.105E+00
2.155E+00
2.204E+00
2.299E+00
2.375E+00
2.441E+00
2.482E+00
2.507E+00

deuteron

6.196E-08
1.363E-03
3.201E-02
0.000E+00
1.159E-01
1.088E-01
1.743E-01
2.376B-01
2.543E-01
2.706E-01
3.018E~01
3.275E-01
3.674E-01
4.6228-01
5.4898-01
6.225E-01
6.693E-01
6.9138-01
7.049E~-01
7.162E-01
7.313E-01
7.556E-01
7.896E-01
8.296E-01
8.698E-01
9.392E-01
9.951E-01
1.051E+00
1.075E+00
1.109E+00
1.140E+00
1.172E+00
1.211E+00
1.265E+00
1.309E+00
1.354E+00
1.402E+00
1.443E+00
1.482E+00
1.556E+00
1.615E+00
1.665E+00
1.705E+00
1.737E+400

triton

0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.434E-08
1.377E-05
2.246E-04
1.150E-03
3.207E-03
6.495E-03
1.000E-02
1.397E-02
1.849E-02
2.266E-02
2.887E-02
3.776E-02
4.350E-02
5.124E-02
5.848E-02
6.486E-02
7.629E-02
8.294E-02
8.758E-02
8.795E-02
8.738E-02
8.849E-02
8.956E-02
9.214E-02
9.051E-02
9.074E-02
9.177E-02
9.316E-02
9.433E-02
9.527E-02
$.781E-02
1.002E-01
1.028E-01
1.031E-01
1.043E-01

(if A=0 then elemental)

helium3 alpha

0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
0.000E+00 0.000E+00
5.342E-14 0.000E+00
8.543E-08 0.000E+00
5.569E-06 0.000E+00
3.936E-05 0.000E+00
1.217E-04 0.000E+00
2.845E-04 0.000E+00
5.532E-04 0.000E+00
9.027E-04 0.000E+00
1.281E-03 0.000E+00
1.574E-03 0.000E+00
2.321E-03 0.000E+00
3.043E-03 0.000E+00
3.707E-03 0.000B+00
4.336E-03 0.000E+00
4.918E-03 0.000E+00
6.043E-03 0.000E+00
6.730E-03 0.000E+00
7.255E-03 0.000E+00
7.632E-03 0.000E+00
7.944E-03 0.0008+00
8.265E-03 0.000E+00
8.544E-03 0.0008E+00
8.803E-03 0.000E+00
9.383E-03 0.000E+00
9.861E-03 0.000E+00
1.038E-02 0.000E+00
1.108E-02 0.000E+00
1.166E-02 0.000E+00
1.223E-02 0.000E+00
1.376E-02 0.000E+00
1.516E-02 0.000E+00
1.674E-02 0.000E+00
1.804E-02 0.000E+00
1.948E-02 0.000E+00

gamma

2.000E+00
3.000E+00
4.000E+00
4.808E+00
5.000E+00
6.000E+00
7.000E+00
8.000E+00
9.000E+00
1.000E+01

1.100E+01.

1.2008+01
1.300E+01
1.400E+01
1.500E+01
1.600E+01
1.700E+01
1.8008+01
1.5008+01
2.000E+01
2.2008+01
2.400E+01

0.000E+00
0.000E+00
0.000B+00
1.233E~03
9.429E~02
7.2278-01
1.241E+00
1.662E+00
2.015E+00
2.3118+00
2,492884+00 -
2.702B+00
2.869E+00
2,979E+00
2,904E+00
2,7378+00
2.604E+00
2.588E+00
2.663E+00
2.793E+00
3.063E+00
3.300E+00

7.385E-01
1.723E8+00
2.684E+00
0.000E+00
3.4898+00
4.1962+00
5.069E+00
5.940E+00
6.319E+00
6.522E+00

€.836B+680 -

7.114E+00
7.039E+00
6.518E+00
6.017E+00
6.106E+00
6.344E+00
6.678E+00
7.002E+00
7.363E+00
8.058E+00
8.677E+00

0.000E+00
0.000E+00
0.000E+00
0.000B+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.376E+00
2:3048%00
3.085E+00
3.822E+00
4.426E+00
5.054E+00
5.752E+00
6.354E+00
6.968E+00
7.531E+00
8.196E+00
9.439E+00
1.048E+01

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3:1466E=03"
1.701E+00
2.622E+00
3.463E+00
3.977E+00
4.389E+00
4.777E+00
5.181E+00
5.659E+00
6.124E+00
7.079E+00
8.006E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

2.080E+00 3.960E+00
3.012E+00 3.153E+00
3.938E+00 1.518E+00
0.000E+00 0.000E+00
4.853E+00 9.263E-01
5.6878+00 5.7878-01
6.429E+00 7.728R-01
7.094E4+00 9.484E-01
7.690E+00 1.091E+00
8.1478+00 1.223E+00
U7 000E+00 8. 503EF00" LT396EF00
8.778E+00 1.549E+00
9.009E+00 1.674E+00
9.181B+00 1.739E+00
9.328E+00 1.760E+00
9.428E+00 1.707E+00
9.4672E+00 1.616E+00
9.427E+00 1.547E+00
9.3882+00 1.515E+00
9.346E+00 1.546E+00
9.477E+00 1.611E+00
9.735E+00 1.678BE+00

7.819E-09
4.612E-08
8.014E-06
0.000E+00
1.878E-04
3.877E-04
1.225E-03
3.296E-03
7.629E~-03
1.470E-02
2.260E8-02
2.9778-02
3.628E-02
4.189E-02
4.771E-02
5.149E-02
5.507x-02
5.939E-02
6.4818-02
7.194E-02
8.577E-02
9.6118-02
1.013E-01
1.0318-01
1.042E-01
1.083E-01
1.1338-01
1.2258-01
1.246E-01
1.287E-01
1.328E-01
1.381E-01
1.428E-01
1.538E-01
1.6258-01
1.706E-01
1.796E-01
1.861E-01
1.9248-01
2.058E-01
2.162E~-01
2.255E-01
2.323E-01
2.383E-01

6.632E-04
3,.5258-03
3.532E-02
0.000E+00
2.078E-01
6.613E-01
8.332E-01
9.756E-01
1.307E+00
1.750E+00
2.138E+00
2.494E+00
2.793E+00
2.890E+00
2.846E+00
2.649E+00
2.486E+00
2.431E+00
2.489E+00
2.555E+00
2.852E+00
2.955E+00
3.023E+00
3.066E+00
3.011E+00
2.828E+00
2.728E+00
2.671E+00
2.520E+00
2.385E+00
2.306E+00
2.240E+00
2.084E+00
2.021E+00
1.991E+00
1.965E+00
1.949E+00
1.928E+00
1.918E+00
1.879E+00
1.822E+00
1.805E+00
1.781E+00
1.735E+00
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2.600E+01
2.800E+01
3.000E+01
3.500E+01
4.000E+01
4.500E+01
5.000E+01
5.500E+01
6.000E+01
6.500E+01
7.000E+01
7.500E+01
8.000E+01
8.500E+01
9.000E+01
9.500E+01
1.000E+02
1.100E+02
1.200E+02
1.300E+02
1.400E+02
1.500E+02

3.472E+00
3.636E+00
3.803E+00
4.234E+00
4.781E+00
5.265E+00
5.666E+00
6.069E+00
6.469E+00
6.857E+00
7.280E+00
7.571E+00
7.916E+00
8.263E+00
8.583E+00
8.942E+00
9.293E+00
9.958E+00
1.061E+01
1.125E+01
1.197E+01
1.270E+01

9.245E+00
9.780E+00
1.031E+01
1.176E+01
1.324E+01
1.429E+01
1.505E+01
1.602E+01
1.694E+01
1.773E+01
1.841E+01
1.885E+01
1.944E+01
2.002E+01
2.054E+01
2.115E+01
2.178E+01
2.296E+01
2.429E+01
2.563E+01
2.711E+01
2.860E+01
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1.160E+01
1.270B+01
1.383E+01
1.673E+01
1.971E+01
2.273E+01
2.543E+01
2.785E+01
3.033E+01
3.276E+01
3.5562+01
3.678E+01
3.847E+01
4.027E+01
4.177E+01
4.338E+01
4.478E+01
4.733E+01
5.005E+01
5.235E+01
5.408E+01
5.614E+01

8.888E+00
9.696E+00
1.046E+01
1.235E+01
1.412E+01
1.563E+01
1.689E+01
1.809E+01
1.900E+01
1.979E+01
2.028E+01
2.017E+01
2.012E+01
1.997E+01
1.955E+01
1.927E+01
1.892E+01
1.802E+01
1.709E+01
1.590E+01
1.485E+01
1.383E+01

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

9.992E+00
1.020E+01
1.033E+01
1.059E+01
1.086E+01
1.111E+01
1.135E+01
1.156E+01
1.173E+01
1.190E+01
1.206E+01
1.218E+01
1.230E+01
1.242E+01
1.253E+01
1.265E+01
1.277E+01
1.297E+01
1.317E+01
1.337E+01
1.356E+01
1.373E+01

2

1.684E+00
1.716E+00
1.729g+00
1.689E+00
1.657E+00
1.667E+00
1.693E+00
1.703E+00
1.702E+00
1.689E+00
1.6548+00
1.665E+00
1.674E+00
1.680E+00
1.693E+00
1.715E+00
1.733E+00
1.712E+00
1.734E+00
1.739E+00
1.742E+00
1.754E+00



p+°*Ni nonelastic and production cross sections
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p +%Ni angle-integrated emission spectra
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Preeq, w0
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p+°*Ni Kalbach preequilibrium ratios
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28-NI-62 APT LA150 NJOY 97.45X MCNP
angular distribution for elastic
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Heating (MeV/reaction)
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